Background--Women hospitalized with a non-ST segment elevation acute coronary syndrome (ACS) have worse clinical outcomes compared with men. An early invasive strategy with prompt coronary revascularization may mitigate sex differences in outcomes. However, few contemporary studies have evaluated whether clinical outcomes differ between women and men presenting with ACS treated with an early invasive strategy.
W
omen hospitalized with an acute coronary syndrome (ACS) are at a higher risk for adverse outcomes as compared to men. [1] [2] [3] [4] Extensive evaluations have suggested that these discrepancies are multifactorial. 5 They are partly explained by clinical differences where women with ACS are older at presentation, have a higher burden of comorbidities, and tend to present later and with more atypical symptoms compared with men. 3, [6] [7] [8] [9] [10] In addition, there are sex-based differences in the primary and secondary treatment of coronary disease. [11] [12] [13] For instance, the use of an early invasive strategy of prompt coronary angiography with revascularization as appropriate is substantially lower in women once non-ST elevation ACS is recognized, [14] [15] [16] [17] [18] [19] even though high-risk women may derive similar benefit from an invasive strategy as men. [19] [20] [21] Some have therefore advocated that increased use of early revascularization, and sexspecific thresholds for high-sensitivity troponin, may mitigate existing sex differences in outcomes following presentation with ACS. 17, 22, 23 However, few population-based studies have evaluated whether clinical outcomes of ACS patients differed between women and men who received early revascularization.
To address this gap in knowledge, we identified a cohort of patients who were hospitalized with ACS and managed with an early invasive strategy of cardiac catheterization. We hypothesized that outcome differences between men and women may be related to whether coronary revascularization was performed after cardiac catheterization. Accordingly, we first compared outcomes of men and women who received coronary revascularization during hospitalization for ACS.
Second, we also compared clinical outcomes between women and men not treated with revascularization after cardiac catheterization during this time.
Methods Data Sources
Each of the 18 hospitals that provide invasive cardiac care in Ontario, Canada is mandated to provide clinical information of all cardiac catheterizations, percutaneous interventions (PCI), and coronary artery bypass grafting surgeries (CABG) to the Cardiac Registry of the Cardiac Care Network (CCN) of Ontario. Abstractors at each cardiac invasive center gather data on demographics, clinical characteristics, procedure data, and relevant comorbid conditions. The Canadian Institute for Health Information (CIHI) Discharge Abstract Database was used to capture additional comorbidities and subsequent hospitalizations. The Ontario Registered Persons Database was used to determine mortality of patients during follow-up. The Ontario Drug Benefit prescription database was used to determine outpatient prescription drug use for patients aged 65 years or older. These datasets were linked using unique encoded identifiers and analyzed at the Institute for Clinical Evaluative Sciences. The need for written informed consent was waived under Ontario's legislation regarding the privacy of health information because all data were stripped of any identifying information. This study was approved by the institutional review board at Sunnybrook Health Sciences Centre, Toronto, Canada.
Study Cohort
Adult patients over the age of 20 years and less than 105 years, who were hospitalized with an ACS from October 1, 2008 to September 30, 2011 in Ontario, Canada were included. Identification of patients with acute myocardial infarction and unstable angina (UA) were based on the CIHI Discharge Abstract Database using previously validated International Classification of Disease 10th revision codes I20, I21, I22, I23.82, I24. We further identified an ACS episode as a hospitalization with a non-ST-segment elevation myocardial infarction (NSTEMI) or unstable angina and excluded patients who experienced ACS as an in-hospital complication, who were admitted to noncardiac surgical services, had an ST-segment elevation myocardial infarction (STEMI), or cardiogenic shock using information from the CCN cardiac registry. We also excluded patients who had a previous hospital admission for ACS, a prior PCI or CABG surgery in the prior 3 years. Patients with missing or invalid data were also excluded from analysis. For patients who had multiple ACS hospitalizations during the study period, the first hospitalization was considered for entry into the cohort.
Definition of an Early Invasive Strategy and Subsequent Treatment
Our cohort was restricted to patients who underwent an early invasive strategy, defined as those who had a cardiac catheterization during their hospital admission. We further stratified patients into coronary revascularization group or medical therapy group based on whether PCI or CABG was subsequently performed within the index ACS hospitalization.
Outcomes
The primary outcome of our study was defined as a composite of all-cause mortality or recurrent hospitalization for ACS (myocardial infarction or unstable angina) within 1 year. For patients who did not undergo coronary revascularization, the follow-up time began at the time of cardiac catheterization. For patients who received PCI or CABG, the follow-up time began at the time of the revascularization. Secondary outcomes were the incidence of the individual components of the composite outcome events. Events were captured at the time of ACS hospitalization to the end of 2 years of followup. ACS rehospitalization was identified from the CIHI Discharge Abstract Database as described earlier. Complete follow-up for each outcome was available for all patients included in the cohort.
Statistical Analysis
We compared demographics and clinical characteristics of women and men, stratified by whether coronary revascularization or medical therapy was performed after the initial invasive evaluation. We used v 2 tests for comparing categorical variables and the Wilcoxon rank sum test for continuous variables between men and women with each of the 2 treatment strategies. Subsequent analyses were conducted separately in strata defined by revascularization strategy (yes versus no). An inverse probability of treatment weighting approach was used to account for the effects of confounding on outcomes between men and women. Inverse probability of treatment weighting is a propensity score method that uses weights based on the propensity score to create a synthetic sample in which the distribution of measured baseline covariates is independent of sex. 24, 25 In our study, the propensity score was constructed using a logistic regression model that estimated the probability of being female conditional on Subjects were then weighted by the inverse probability of treatment received (ie, women were weighted by the reciprocal of their conditional probability of being a woman, while men were weighted by the reciprocal of their conditional probability of being a man). Standardized differences were used to compare characteristics in the weighted sample, where differences of less than 0.1 were taken to indicate good balance. 26 In the weighted comparative samples, we used Cox proportional hazard models to estimate hazard ratios (HR) and their 95% CI for each outcome using a robust variance estimator, 27 with men considered as the referent group. Adjusted Kaplan-Meier survival curves were estimated for men and women separately in the inverse probability of treatment weighting sample. A weighted log-rank test was used to compare group differences in survival functions. 28, 29 All P values were 2-sided and <0.05 was considered statistically significant. SAS version 9.3 (SAS Institute, Cary, NC) was used for all statistical analyses.
Results

Patient Characteristics Before Propensity Weighing
During the study period, 23 473 patients were hospitalized with ACS in Ontario, Canada and treated with an early invasive strategy with a cardiac catheterization during the index hospitalization (Table 1) . Among these patients, there were 15 381 men and 8092 women, of whom a significantly lower proportion of women (51.8%) received coronary revascularization during the index hospitalization as compared to men (66.1%). Their baseline and clinical characteristics are presented in Table 1 . Among revascularized patients, the mean time from hospital admission to diagnostic angiography was slightly longer for women (2. Despite having greater comorbidities, women had less prognostically important coronary artery disease. Women also underwent revascularization with PCI more frequently than men. Among the 9111 patients who did not receive coronary revascularization during the index hospitalization despite early cardiac catheterization, the mean time from hospital admission to diagnostic angiography was 2.8 days (SD 1.8) for women and 2.6 days (SD 1.8) for men (P<0.001). Similar sex differences were observed in which women were older, had more comorbidities but less likely significant coronary artery disease on cardiac catheterization. Table 2 shows the characteristics of these ACS patients by sex and coronary revascularization status after propensityscore weighting. For patients who received coronary revascularization, the mean age was 63 years and 31% had a history of diabetes mellitus. The majority of patients received PCI (83%). Within strata defined by use of coronary revascularization, the distribution of baseline covariates was well balanced between men and women.
Patient Characteristics After Propensity Weighting
Outcomes
Rates of cardiovascular outcomes by sex and revascularization status in the inverse probability of treatment weighting cohort are shown in Table 3 . Kaplan-Meier curves for death, death or ACS, and ACS alone are shown in Figures 1 and 2 . In the coronary revascularization stratum, the composite rate of death or recurrent ACS in the weighted sample was 5.5% for women and 4.4% for men at 30 days (P<0.001). After propensity score weighting, women treated with revascularization were at higher risk of death or recurrent ACS compared with men within 30 days (HR, 1.24, 95% CI, 1.12-1.38), which remained throughout 1 year (13.1% versus 10.6%; HR 1.24; 95% CI 1.16-1.33) and 2 years (17.4% versus 14.8%; HR 1.20; 95% CI 1.13-1.27). Among events contributing to the primary outcome, results were consistent for a sex difference in recurrent ACS but not overall mortality (Table 3) .
In contrast, sex-based differences in clinical outcomes were not observed among the early invasive strategy patients who did not undergo coronary revascularization. At 30 days, among medically managed patients, the rate of death or ACS was 7.7% in women and 7.6% in men (HR 1.02; 95% CI 0.92-1.13). At 1 year, the rate of death or ACS was 17.8% in women and 16.9% in men treated with medical therapy alone (HR 1.06; 95% CI 0.99-1.14). Results remained consistent at 2 years (23.0% versus 21.9%; HR 1.05; 95% CI 0.99-1.12).
In-Hospital Events, Processes of Care After Hospital Discharge
To explore potential reasons associated with worse outcome in women who received coronary revascularization, we examined in-hospital events, use of evidenced-based medical therapy and follow-up in the propensity-weighted cohort (Table 4) . We found higher rates of blood transfusion in women than men (12.8% versus 7.3%), and slightly higher rates of in-hospital stroke (0.7% versus 0.4%) and in-hospital spontaneous myocardial infarction (1% versus 0.8%) in the coronary revascularization group. In contrast, these events rates were not substantially different among patients who did not undergo revascularization. 
Discussion
In this population-based cohort of Ontario patients presenting with ACS who underwent an early diagnostic angiography, several sex-based differences in management and outcomes were observed. Women with ACS, despite undergoing a coronary angiogram, continue to be treated with coronary revascularization only about half of the time and considerably less frequently than men. Among those revascularized, women had consistently higher risk for major adverse cardiovascular events compared with men. In contrast, men and women managed with medical therapy after early invasive evaluation with cardiac catheterization had overall higher, but relatively similar, outcomes after ACS at longer term. Among patients treated with early revascularization, our results were predominantly driven by sex differences in recurrent ACS as opposed to mortality. Based on our findings, it is unclear whether greater use of early coronary revascularization alone may mitigate sex-based risk differences in outcomes following ACS. The current findings add to the literature of previously reported sex-based differences in outcomes following myocardial infarction, [1] [2] [3] [4] and suggest that sex differences in outcomes remain among patients who undergo early revascularization. 30 While we cannot identify the exact reason underlying these differences, several potential hypotheses could be discounted. First, several clinical differences between men and women were minimized with the use of rigorous propensity weighting. We incorporated several prognostic factors including those within the Thrombolysis in Myocardial Infarction risk score, which has been shown to function equally well in women and men compared with other risk scores. 31 We also found that use of evidence-based medical therapy was actually higher among at least older women than men after hospital discharge. In addition, there was little sex difference in follow-up patterns as men and women promptly visited their primary care physicians and cardiologists in similar frequencies after discharge. Accordingly, sex-based differences in coronary revascularization outcomes may be in part related to differences in selection of treatment strategies and/or response to invasive treatment in women compared with men. 32 For instance, we observed that women were more frequently revascularized with PCI as opposed to CABG compared with men. Other studies have suggested that women with ACS are more likely to have nonobstructive epicardial coronary disease, 33 smaller epicardial coronary arteries, 34 less traditional focal plaque rupture on angiography, 35, 36 and have more microvascular dysfunction, diffuse disease, or plaque erosion. 36 The resultant higher burden of functional coronary disease, and incomplete revascularization among women with anatomical disease, predispose to a higher burden of symptoms, including angina and dyspnea, which may have driven the subsequent observed sex-difference in risk of recurrent ACS as opposed to all-cause mortality.
We also found higher rates of bleeding and blood transfusion in women than men (12.8% versus 7.3%) in the coronary revascularization group, both known to be associated with negative consequences. 37, 38 Women presenting with ACS are at higher risk for major bleeding, at least in part related to inappropriate overdosing of antithrombotic therapy independent of other clinical risk factors. However, women are at higher risk for vascular complications and blood transfusions even when antithrombotic therapies are weight adjusted. 41, 42 Other bleeding avoidance strategies, including vascular closure devices and radial access, may further reduce these risks. 43 Together, these findings emphasize that careful monitoring of weight and renal function be continuously factored when selecting antithrombotic dosing to reduce bleeding, particularly in women, and that further research into sex-based bleeding avoidance strategies remains prudent. Men (n=10 167); Pink line: Women (n=4195). Kaplan-Meier curves were derived from the inverse probability of treatmentweighted propensity score, which estimated the probability of being female or male conditional on the following covariates: age, NSTEMI/UA risk based on the Thrombolysis in Myocardial Infarction (TIMI) score (which incorporates age ≥65 years, ≥3 risk factors for CAD, known CAD [stenosis ≥50%], severe anginal symptoms [≥2 anginal events in the 24 hours preceding ACS presentation], use of aspirin in the past 7 days, ST-segment deviation ≥0.05 mV, and elevated serum cardiac markers of necrosis), past medical history (hypertension, hyperlipidemia, diabetes mellitus, smoking, cerebrovascular disease, peripheral arterial disease, heart failure, atrial fibrillation, chronic obstructive pulmonary disease, or chronic kidney disease requiring dialysis), extent of coronary artery disease, left ventricular ejection fraction, serum creatinine, and level of hospital services (availability of cardiac catheterization only, PCI, and/or cardiac surgery capacity). ACS indicates acute coronary syndrome; CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary intervention; NSTEMI, non-ST segment elevation myocardial infarction; UA, unstable angina. . Kaplan-Meier curves were derived from the inverse probability of treatment-weighted propensity score, which estimated the probability of being female or male conditional on the following covariates: age, NSTEMI/UA risk based on the Thrombolysis in Myocardial Infarction (TIMI) score (which incorporates age ≥65 years, ≥3 risk factors for CAD, known CAD [stenosis ≥50%], severe anginal symptoms [≥2 anginal events in the 24 hours preceding ACS presentation], use of aspirin in the past 7 days, ST-segment deviation ≥0.05 mV, and elevated serum cardiac markers of necrosis), past medical history (hypertension, hyperlipidemia, diabetes mellitus, smoking, cerebrovascular disease, peripheral arterial disease, heart failure, atrial fibrillation, chronic obstructive pulmonary disease, or chronic kidney disease requiring dialysis), extent of coronary artery disease, left ventricular ejection fraction, serum creatinine, and level of hospital services (availability of cardiac catheterization only, PCI, and/or cardiac surgery capacity). ACS indicates acute coronary syndrome; CAD, coronary artery disease; MI, myocardial infarction; NSTEMI, non-ST segment elevation myocardial infarction; PCI, percutaneous coronary intervention; UA, unstable angina.
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As well, we found lower rates of coronary revascularization in women even among patients selected to undergo an early invasive evaluation. This observation is consistent with other studies, particularly evident among younger women, who less frequently are referred for invasive management despite having higher rates of in-hospital mortality and long-term secondary cardiovascular events. 10 We found a higher risk of adverse outcomes among women compared with men treated with coronary revascularization; however, our observation should not be interpreted as a reason to withhold revascularization in appropriately selected women presenting with ACS. In fact, data from randomized trials have shown that an early invasive strategy reduces adverse cardiovascular events to a similar extent in higher risk ACS men and women, particularly when presenting with positive biomarkers. 20 Our study has several limitations that merit consideration. First, observational studies are subject to the potential influence of confounding. Accordingly, we used a propensity method and successfully balanced all the observed patient and systematic factors between men and women. Nevertheless, these methods are still subject to the potential influence of unmeasured confounding. For example, we did not have detailed clinical data on the presentation of ACS such as extent of biomarker elevation, electrocardiographic changes, or extensive laboratory testing. Second, we defined obstructive coronary artery disease on the basis of a >50% stenosis in the left main coronary artery or >70% stenosis in the epicardial vessels. We were unable to use alternative definitions of obstructive coronary artery disease, but prior research has shown this definition to be robust. 45 Third, outpatient prescription drug data were only available for patients 65 years or older, limiting our ability to fully explore whether sex differences in therapeutic trajectories and compliance were present. Nevertheless, among older women who underwent revascularization, there were similar or higher rates of cardioprotective drugs observed compared with men. Finally, the main objective of this study was to evaluate potential sex differences stratified by the use of coronary revascularization. The nonrandomized design of our analysis precluded a comparison of whether coronary revascularization was more or less beneficial in men or women.
In conclusion, we observed sex-specific differences in outcomes of patients with ACS treated with coronary revascularization in Ontario. Compared with men, women treated with coronary revascularization had a higher risk for recurrent cardiovascular events. Differences in risk were not seen between women and men treated with medical therapy alone. Thus, sex-based disparities in outcomes following cardiac catheterization for ACS persisted despite revascularization. Further research is needed to better understand whether inherent differences in underlying comorbidities or response to invasive therapy and its associated treatment impact outcomes and to develop strategies to reduce the higher rates of adverse outcomes in women treated with coronary revascularization following ACS. 
